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1 .  1. Genera.1 ----- 

T h i s  i s  the fi l ial  report of t h e  prime con'cract NAS9-4822 

which coiiunenced J u l y  1, 1965 and terminated. 31  August 1966. T h i s  

c o n t r a c t  c a l l e d  f o r  d.esign, c o n s t r u c t i o n ,  c a l i b r a t i o n  and t e s t i n g  

o f  a v e r s a t i l e  d e t e c t o r  of  charged p a r t i c l e s  f o r  p o s s i b l e  u t i l i z -  

a t i o n  i n  manned s p a c e c r a f t  miss ions ,  s p e c i f i c a l l y  i n  ALSEP. T h i s  

task h a s  now been s u c c e s s f u l l y  accomplished, and t h e  r e s u l t a n t  

i n s t rumen t  i s  code-na.med SPECS f o r  Switching Proton E l e c t r o n  

Channel t ron Spectrameter .  

Two SPECS ins t rwnen t s  have been d e l i v e r e d  t o  t h e  Manned Space- 

c r a f t  Center  a t  the t e rmina t ion  o f  t h i s  c o n t r a c t .  I n  accordance 

w i t h  Amendment #2,  which r e s u l t e d  i n  a cost  r e d u c t i o n  o f  $10,000, 

a d a t a  encoder is n o t  inc luded  i n  t h e s e  u n i t s  (a l though a l l  

n e c e s s a r y  preamps, switching l o g i c ,  e tc ,  are) . 
The ins t rument  h a s  been developed t o  t h e  p o i n t  where i t s  

c a p a b i l i t i e s  and v e r s a t i l i t y  are  f a r  s u p e r i o r  even t o  t h o s e  en- 

v i s a g e d  by t h e  P r i n c i p a l  I n v e s t i g a t o r  ( P I )  i n  h i s  i n i t i a l  p roposa l ,  

The ins t rument  is f i n d i n g  a inu l t i tude  o f  a p p l i c a t i o n s ,  and i n  

p a r t i c u l a r ,  it i s  s l a t e d  f o r  i n c l u s i o n  i n  an ALSEP (Apollo Lunar 

S u r f a c e  Expe.riments Package) a s s o c i a t e d  w i t h  a manned l u n a r  landing .  



,/' 

-2- 

Since  t h e  launch o f  Explorer  1 i n  1958,  t h e  most a c t i v e  dis- 
i c i p l i n e  i n  space r e s e a r c h  h a s  been t h a t  o f  Fields and Pa r t i c l e s .  

and space probes ,  and t h e  non-thermal charged p a r t i c l e  environment 

o f  t h e  e a r t h  h a s  been explored  i n  some d e t a i l .  I n t e n s e  f l u x e s  of 

e l e c t r o n s  and p r o t o n s  w i t h  e n e r g i e s  between t e n s  o f  e l e c t r o n  v o l t s  

(ev)  and hundreds o f  k i l o v o l t s  (keV) have been found i n  t h e  Van 

Allen r a d i a t i o n  zones, i n  a u r o r a s  and. i n  i n t e r p l a n e t a r y  space 

(e .9 .  see F igure  1). The lower-energy p a r t i c l e s  have been mensu-red 

w i t h  plasma probes  and Faraday cups,  e tc .  [Snyder and Neugebauer, 

1964,  Gringauz, e t  a l . ,  19653 1/,7kil2 convent iona l  d e v i c e s  such a s  g e i g e r  

t u b e s  and s c i n t i l l a t i o n  d e t e c t o r s  and s o l i d - s t a t e  d e v i c e s  have 

been used t o  d e t e c t t h e  inore p e n e t r a t i n g  p a r t i c l e s  w i t h  e n e r g i e s  

of  s o m e  keV [ s e e  McIlwain, 1960; O'Rr ien ,  1963;  F r i ed land  ct a1 1961;  

Sharp,  e t  a l . ,  19641. 

However, t o  d a t e  t h e r e  has  been a l a r g e l y  u n f u l f i l l e d  two-fold 

need f o r  a s i n g l e  ins t rument  t h a t  can  measure p a r t i c l e s  of a l l  t h e  

e n e r g i e s  sketched i n  F igu re  1. On t h e  one hand, t h e  energy range 

of -keV t o  t e n s  of keV h a s  been r e l a t i v e l y  neg lec t ed  because it 

f a l l s  n e i t h e r  i n  t h e  plasma nor t h e  penetrat . ing r a d i a t i o n  ca t egory ,  

And on t h e  o t h e r  hand, t h e  usua l  space-borne i n s t r u m e n t a l  con- 

s t r a i n t s  o f  l i m i t e d  weight ,  s i z e  and power r ende r  it desirable t o  

have  a s i n g l e  ins t rument  t h a t  can measure a l l  t h e  c a t e g o r i e s  shown 

i n  F i g u r e  1, Accordingly,  w e  proposed and e n t e r e d  i n t o  Con t rac t  

NAS9-4822 f o r  t h e  development o f  such a dev ice  code-narned SPECS 

for Swi tchable  Pro ton  E lec t ron  Channel t ron Spectrometer .  With a 

t o t a l  weight  o f  about 2 l b s ,  a power d i s s i p a t i o n  of about  1 w a t t  

and a s i z e  of less  than  100 cubic  inches ,  t h i s  device  makes an 

e i g h t e e n  p o i n t  d i f f e r e n t i a l  energy spectrum measurement o f  e lec t rons  

and b f  p r o t o n s  s e p a r a t e l y  over  t h e  energy range o f  some 50 ev t o  
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some 100 keV. With a dynamic range of ove r  100 ,000  t o  1, t h e  device  

can make t h i s  s p e c t r a l  a n a l y s i s  i n  a p e r i o d  t h a t  may be v a r i e d  

be tween  less than  one second and some t e n s  o f  seconds. Furthermore,  

s imple  v a r i a t i o n s  o f  low-level  l o g i c  e lements  provide  wide v e r s a t i l i t y  

o€ use of t h e  instrumerit  w i th  t e l e m e t r y  and encoding systems of 

d i f f e r e n t  c a p a c i t i e s ,  as well a s  provid ing  i n t e r n a l  c o n s i s t e n c y  and 

background checks. * 

1 

i 

l 
I 

3 .  D e s c r i p t i o n  of t h e  Ins t rument  

The dev ice  t h a t  h a s  made t h i s  ins t rument  p o s s i b l e  i s  t h e  

channe l t ron  secondary emission m u l t i p l i e r  [Evans, 19651. T h i s  i s  

a t h i n  t u b e  whose i n t e r i o r  i s  coa ted  wi th  or i s  a secondary-emit t ing 

su r face .  A p o t e n t i a l  of some 3500 v o l t s  i s  e s t a b l i s h e d  from one 

end of  t h e  tube  t o  t h e  o t h e r .  When a charged p a r t i c l e  s t r i k e s  t h e  

i n n e r  s u r f a c e  o f  t h e  tube a t  t h e  a p e r t u r e  (where t h e  v o l t a g e  h a s  

ground p o l a r i t y )  secondary e l e c t r o n  (s) may be emi t t ed .  These a r e  

a c c e l e r a t e d  dowa t h e  t u b e  and produce f u r t h e r  secondary e l e c t r o n s  

i n  t u r n ,  so t h a t  f i n a l l y  an o v e r a l l  g a i n  o f  some l o 7  t o  10 

produced. The r e s u l t a n t  p u l s e  i s  c o l l e c t e d  a t  t h e  anode and am- 

p l i f i e d .  I n  t h e  SPECS dev ice  f i v e  Bendix Corpora t ion  C-shaped 

c h a n n e l t r o n s  of I .D .  .040" and O.D..060" and l e n g t h  4.00" and one 

h e l i c a l  funne l t ron"  are used  i n  a nea r - sa tu ra t ed -pu l se  mode. 

(The dev ice  could  a l s o  be used i n  a c u r r e n t  r a t h e r  t han  i n  p u l s e  

mode. ) 

8 
i s  

F ive  270° channe l t rons  a r e  mounted one on t o p  of  t h e  o t h e r  i n  

t h e  SPECS dev ice  and t h e  h e l i c a l  f u n n e l t r o n  i s  mounted as shown i n  

F i g u r e  2 and t h e  photograph of F igu re  3 .  The e n t r a n c e  s l i t s  pro- 

v i d e  c o l l i m a t i n g  a p e r t u r e s  t o  d e f i n e  beams of e n t e r i n g  p a r t i c l e s .  

A pair  o f  d e f l e c t i o n  p l a t e s  between t h e  i n s i d e  s l i t  and t h e  channel- 

t r o n  a p e r t u r e s  h a s  a v o l t a g e  V a c r o s s  it. A t  a g iven  va lue  of V = V 

p a r t i c l e s  o f  a g iven  e l e c t r i c a l  charge  (e .9 .  e l e c t r o n s ,  say)  t h a t  

\ 

i' 
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e n t e r  through t h e  s l i t s  may be d e f l e c t e d  i n t o  one o r  o t h e r  o f  t h e  

f i v e  channe l t rons  i f  t h e i r  e n e r g i e s  are w i t h i n  t h e  a p p r o p r i a t e  

i passbands E E2i ..... Egi. T h e  dev ice  was des igned  so t h a t  

i s  roughly t e n  t i m e s  E so t h a t  an energy range o f  a decade , E 5 i  i li' 
i s  sampled i n  f i v e  energy passbands a t  a given s e t t i n g  o f  the  

d e f l e c t i o n  v o l t a g e  V. When e l e c t r o n s  o f  t h e s e  e n e r g i e s  are d e f l e c t -  

ed i n t o  t h e s e  f i v e  S m a l l  a p e r t u r e s ,  p r o t o n s  i n  a broad  b u t  s i m i l a r  

energy range roughly E t o  Eqi are d e f l e c t e d  i n t o  t h e  funne l t ron .  

The v o l t a g e  V i s  s tepped through k35, 1350, and rt3500 vol t s .  

T y p i c a l  energy passbands are shown i n  F igu re  4. When the p o l a r i t y  

on t h e  d e f l e c t i o n  p l a t e s  i s  reversed ,  now e l e c t r o n s  w i l l  e n t e r  t h e  

f u n n e l t r o n  and p r o t o n s  w i l l  e n t e r  t h e  f i v e  channe l t rons .  

2 i  

i 

The dev ice  t h u s  h a s  t h e  fol lowing m e r i t s :  

( a )  it makes e l e c t r o n  and  pro ton  measurements s imul taneous ly  

(b) it makes wide-band and m u l t i p l e  narrow-band measurements 

so tha t  t h e r e  are both  i n t e r n a l  c o n s i s t e n c y  checks and 

also a g r e a t e r  s e n s i t i v i t y  t o  smaller i n t e n s i t i e s  of 

par t ic les  . 
There i s  a f u r t h e r  i n t e r n a l  c o n s i s t e n c y  check e v i d e n t  i n  t h e  

energy  passbands shown i n  F igure  4. When t h e  d e f l e c t i o n  v o l t a g e  i s  

( s a y )  +35 v o l t s ,  the  h i g h e s t  energy channel  de tec ts  p a r t i c l e s  w i t h  

e n e r g i e s  covered by the  t h r e e  l o w e s t  energy channels  of t h e  i n s t r u -  

ment a t  a d e f l e c t i o n  v o l t a g e  of +350 v o l t s .  

4 . High-Voltage Swi tch ins  Power  Supp'-- - 1 - 1  

\ 
T h e  h igh-vol tage  switching power supply (HVSPS) proved tech-  

n i c a l l y  a very  d i f f i c u l t  device t o  b u i l d  w i t h i n  t h e  given r e s t r a i n t s  

of we igh t ,  power, s i z e ,  r e l i a b i l i t y ,  r a p i d  swi tch ing  wi th  l i t t l e  

t r a n s i e n t  o r  r i p p l e  e f f e c t s ,  and so on, Cons iderable  e f f o r t  ove r  

a p e r i o d  o f  one yea r  w a s  given t o  b o t h  in-house s t u d i e s  and two 

pa ra l l e l  s u b c o n t r a c t s  t o  commercial vendors .  S p e c i f i c a t i o n s  of t h e  

f i n a l  u n i t s  are summarized i n  Table 1. 
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U n i t s  manufactured by Vendor A are be ing  used by u s  f o r  r o c k e t  

f l i g h t s ,  wh i l e  t h e  more expensive ones  of Vendor B are m o r e  favored  

for s a t e l l i t e  and l u n a r  m i s s i o n s .  Block diagrams o f  the two des ign  

approaches are shown i n  F igu res  5 and 6. I t  may be noted t ha t  

Vendor B a l so  p rov ides  t h e  r e g u l a t e d  +3500 v o l t s  and 20 vamps t o  

power t h e  channe l t rons .  For Vendor A a s u b s i d i a r y  pack i s  used 

because o f  an unduly' l a r g e  t r a n s i e n t  induced upon swi tch ing  i f  t h e  

+3500 v o l t s  i s  common t o  t h e  EVSPS. 

t 

Switching o f  t h e  I-IVSPS i s  accomplished e i ther  by e x t e r n a l  

synchroniz ing  s i g n a l s  or by an i n t e r n a l  f ree- running  clock, 

4.1 Vendor A 

Vendor A Sys ten  block diagram i s  shown i n  F igu re  5. T h e  

system cons is t s  o f  one feedback t y p e  r e g u l a t o r  supplying a 

doc.  d r i v e  l e v e l  t o  o n e  of three swi tch ing  t r ans fo rmer  d r i v e  

c i r c u i t s .  Each o f  t h e  t h r e e  t r a n s f o r m e r s  s u p p l i e s  3.5 kv  t o  

the c o n s t a n t  channe l t ron  l o a d  v i a  d iode  adding c i r c u i t s .  A 

sample cha in  on  t h i s  ou tpu t  completes  the feedback and main- 

t a i n s  t h e  o u t p u t  v o l t a g e  a t  a c o n s t a n t  va lue .  

When T1 i s  energ ized  one p o l a r i t y  i s  provided  f o r  t h e  

d e f l e c t i o n  system, and when T3 i s  ene rg ized  the o p p o s i t e  

p o l a r i t y  occurs :  i . e .  T l  cor responds  t o  +3500 VDC on one 

d e f l e c t i o n  p l a t e  and T3 cor responds  t o  +3500 VDC on t h e  o t h e r  

d e f l e c t i o n  plate .  When T 2  i s  ene rg ized ,  t w o  +350 v o l t  s u p p l i e s  

are g e n e r d i d  which ZL.T: 5e app,lie!d t o  e i t h e r  p l a t e  and a t t e n -  

ua t ed  to. 35 v o l t s  by t h e  h i g h  v o l t a g e  t r a n s i s t o r  switches. 

The c y c l e  f o r  switching i n  t h i s  system i s  as  fo l lows:  

+35V, +350V and +3500V on o n e  d e f l e c t i o n  p l a t e ,  and t h e n  

+35V, +350V and +3500V on t h e  other d e f l e c t i o n  p l a t e .  A s  can 

be seen from t h e  switching c y c l e ,  t h e  d e f l e c t i o n  p l a t e  v o l t a g e  

must be d i scha rged  from +3500 VDC t o  ground. I n  t h i s  system, 

t h e  d i s c h a r g e  o c c u r s  through an RC network. 111 an e f f o r t  t o  
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dec rease  t h e  f a l l  time, t h e  d e f l e c t i o n  v o l t a g e  i s  d ischarged  

towards -2000 VDC a 

The swi tch ing  l o g i c  f o r  t h i s  system c o n s i s t s  o f  an o sc i l -  

l a t o r  ( f ree- running  or e x t c r n a l  s y n c ) ,  t h r e e  f l i p - f l o p s  and 

a s s o c i a t e d  g a t e s .  

De l ive ry  o f  t h e  u n i t s  w a s  s e v e r a l  months behind schedule .  

Opera t ion  o f  Vendor A system t o  d a t e  has n o t  been completely 

s a t i s f a c t o r y .  Table  1 l ists.  s p e c i f i c a t i o n s  achieved b y  t h i s  

system. Never the l e s s ,  more than  t e n  o f  the u n i t s  have been  

procured  a t  t h i s  t i m e ,  and a l though t h e y  are n o t  deemed optimum 

for s a t e l l i t e  or  ALSEP usage, a l l  t o g e t h e r  f i f t e e n  f l i g h t  u n i t s  

o f  t h i s  model are be ing  procured l a r g e l y  f o r  rocket p r o j e c t s  

funded under Con t rac t  NASr-209. The f i r s t  f l i g h t .  w i l l  be i n  

a J a v e l i n  rocket a t  F o r t  Churchill .  i n  Novernber 1966, and e i g h t  

m o r e  w i l l  be flown i n  J a v e l i n s  i n  1967. 

4 .2  Vendor B 
I_ 

I t  became appa ren t  i n  t h e  f i r s t  quar ter  o f  1966 t h a t  t h e  

Space C r a f t ,  Inc .  HVSPS,  w h i l e  be ing  adequate  f o r  many purposes ,  

w a s  n o t  capable  o f  t h e  h igh  l e v e l  of  r e l i a b i l i t y ,  t h e  r a p i d  

swi tch ing ,  small  t r a n s i e n t s ,  etc. envisaged f o r  ALSEP and 

l o n g - l i f e  space a p p l i c a t i o n s  such a s  i n  sa te l l i t es .  

Consequently,  when o u r  prime ALSEP Con t rac t  NAS9-5884 

w a s  n e g o t i a t e d ,  w e  w e r e  a b l e  t o  proceed on a p a r a l l e l  develop- 

ment project  w i t h  Analog Technology Corp. The prime Con t rac t  

NAS9-4822 covered by t h i s  r e p o r t  w a s  used wi th  NAS9-5884 t o  

l e t  a subcon t rac t  f o r  design,  development and t e s t  o f  a W S P S  

and package des ign  of a p ro to type .  So s u c c e s s f u l  w e r e  t h e  

vendors  wi th  t h e  breadboard (e.g. t hey  m e t  a des ign  g o a l  o f  

10 msec swi tch ing  t i m e  v e r s u s  t h e  c o n t r a c t  s p e c i f i c a t i o n s  o f  

100 msecs) t h a t  a subcon t rac t  w a s  l e t  f o r  f a b r i c a t i o n  o f  t w o  
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pro to types .  

NAS9-5884 and NP-S6-1061 r a t h e r  t h a n  under t h i s  p a r t i c u l a r  prime 

c o n t r a c t ,  n e v e r t h e l e s s  t h i s  c o n t r a c t  NAS9-4822 had a major s h a r e  

i n  development of t h i s  very s u c c e s s f u l  supply whose p r o t o t y p e  

h a s  now been accepted  by R i c e .  

t o  i n c l u d e  a n a l y s i s  o f  t h i s  ATC u n i t  i n  t h i s  r e p o r t .  

Although t h e s e  ATC p r o t o t y p e s  w e r e  funded under 

The re fo re ,  it i s  deemed proper  

S ince  d e f l e c t i o n  v o l t a g e s  must remain s t a b l e  v e r s u s  t i m e  

and tempera ture  i n  o r d e r  t o  f a c i l i t a t e  a c c u r a t e  i n t e r p r e t a t i o n  

o f  t h e  d a t a ,  t h e  use  of o p e r a t i o n  a m p l i f i e r  t echn iques  i s  pro- 

posed i n  o r d e r  t o  p rov ide  a c c u r a t e ,  s t a b l e  a m p l i f i c a t i o n  of 

t h e  system r e f e r e n c e  vo l t age .  

is shown i n  F igu re  6, 

t y p e  o p e r a t i o n a l  a m p l i f i e r  c o n f i g u r a t i o n .  

f u n c t i o n  o f  t h i s  a m p l i f i e r  i s  given by: 

Vendor B system block diagram 

The a m p l i f i e r  i s  a t y p i c a l ,  i n v e r t i n g  

The t r a n s f e r  

= Closed loop  g a i n  AF 

RF 

cF 

A ( p ) = '  The a m p l i f i e r  forward g a i n  

= The feedback r e s i s t o r  

= The feedback c a p a c i t o r  

R = The i n p u t  t r a n s f e r  r e s i s t a n c e  

P = Laplace t r ans fo rm o p e r a t o r  

I 

For t h e  loop  g a i n  

>> 1, I R 
F = A(P) 

R + RF - I 

F l+p7 
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where 

T = RFCF F 

which i s  independent of  a m p l i f i e r  g a i n .  The a m p l i f i e r  t r a n s f e r  

f u n c t i o n  i s  then  a func t ion  of t h e  p a s s i v e  components R C 

and R only .  Furthermore,  t h e  f r a c t i o n a l  change i n  t h e  c l o s e d  

loop  g a i n  due t o  changes i n  forward a m p l i f i e r  g a i n  i s  g iven  

F’ F 

I 

by 

dA 

AF 1-F A 
F = l  d A  -- I__ - - ~  

i n d i c a t  j.ng t h a t  changes 

i n  t h e  forward g a i n  a r e  

i n  t h e  c l o s e d  loop  g a i n  due t o  changes 

reduced by t h e  magnitude of t h e  loop  

ga in .  T h i s  i s  an important  c o n s i d e r a t i o n  i n  a system o f  t h i s  

t y p e ,  which m u s t  o p e r a t e  over  wi.de tempera ture  extremes w i t h  

r e s u l t a n t  changes i n  a c t i v e  dev ice  parameters .  The proposed 

c o n f i g u r a t i o n  p rov ides  a dc feedback f a c t o r  or loop  g a i n  i n  

e x c e s s  o f  1 0  t h u s  a s s u r i n g  t h e  accuracy o f  t h e  c l o s c d  loop  

t r a n s f e r  f u n c t i o n .  

5 

The d e f l e c t i o n  a m p l i f i e r  mechanism i s  shown i n  F i g u r e  6. 

The dev ice  c o n s i s t s  of a dua l  d i f f e r e n t i a l  comparator amplir’ier 

fol lowed by a power a m p l i f i e r  which d r i v e s  two sine-wave-dc-to- 

ac c o n v e r t e r s .  The i n v e r t e r s  a r e  followed by m u l t i s t a g e  v o l t -  

age m u l t i p l i e r s  whose equ iva len t  c i r c u i t  i s  shown on t h e  diagram. 

The o u t p u t s  o f  t h e  i n v e r t e r s  are i n  series and of o p p o s i t e  pol- 

a r i t y  v o l t a g e .  Feedback i s  a p p l i e d  through R and C t o  t h e  

a m p l i f i e r  summing func t ion .  
F F 

The r e s i s t o r  v a l u e s  R R have been c a l c u l a t e d  i n  terns of 
6’ 7 

R t o  o b t a i n  m i n i m u m  power d i s s i p a t i o n  a t ,  ~ k 3 5 0 0  VDC. R e s i s t o r s  
F 

R through R form t h e  i.nput c u r r e n t  (I ) which flows through 1 5 i n  
t h e  ampl i f i . e r  t r a n s f e r  impedance t o  form t h e  proper  o u t p u t  v o l t -  

age. A s  s p e c i f i e d ,  t h e  a m p l i f i e r  i n p u t  swi tches  r e a c t  t o  f i x e d  

l e v e l  commands c n  one of 4 l e v e l  coinmand l i n e s  t o  g a t e  t.he 
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prope r  i n p u t  c u r r e n t  magnitudc i n t o  t h e  a m p l i f i e r  and a l s o  t o  

a f i f t h  l i n e  which denotes  p o l a r i t y .  

T o  unders tand  t h e  o p e r a t i o n ,  assume l e v e l  commands are 

g a t e d  i n  such t h a t  t h e  output  w i l l  be a t  -1-3500 v o l t s ,  The 

e r r o r  s i g n a l  from t h e  inpu t  comparator w i l l  be o f  such a mag- 

n i t u d e  and p o l a r i t y  t o  t u r n  on t h e  p o s i t i v e  i n v e r t e r  and maj-n- 

t a i n  t h e ' o u t p u t  a t  t h e  d e s i r e d  l e v e l .  I f  t h e  p o s i t i v e  i n p u t  

r e f e r e n c e  v o l t a g e  i s  ga ted  i n ,  t h e  p o s i t i v e  i n v e r t e r  w i l l  be 

s h u t  o f f  and t h e  n e g a t i v e  i n v e r t e r  t u r n e d  on t o  produce t h e  

d e s i r e d  o u t p u t  v o l t a g e .  I n  t h i s  manner, t h e  l a r g e  b i p o l a r  

output.  swing can be achieved wi thou t  t h e  use of  m u l t i p l e  

s u p p l i e s  and e lec t romechanica l  swi tches .  Because o f  t h e  over-  

a l l  feedback loop ,  e f f e c t s  on t h e  o u t p u t  v o l t a g e  s t a b i l i t y  o f  

d iode  conductance and leakage c u r r e n t ,  i n v e r t e r  swi tch ing  

t r a n s i s t o r  du ty  c y c l e  and s a t u r a t i o n  r e s i s t a n c e  are a t t e n u a t e d  

by t h e  l a r g e  amount o f  loop g a i n  preceding  them. 

Another s i g n i f i c a n t  f e a t u r e  of  t h i s  mechanizat ion i s  t h e  

e x c e l l e n t  t r a n s i e n t  response provided by t h e  feedback c o n t r o l -  

l e d  d i f f e r e n t i a l  i n v e r t e r  system. For t h e  example shown, con- 

s i d e r  t h e  o u t p u t  t o  be  a t  +3500 v o l t s .  When t h e  i n p u t  s i g n a l  

i s  changed t o  f o r c e  t h e  ou tpu t  t o  + 3 5 0  v o l t s ,  t h e  comparator 

error s i g n a l  changes ins tan taneous1  y ( w i t h i n  bandwidth con- 

s t r a i n t s )  and t h e  p o s i t i v e  i n v e r t e r  t u r n s  o f f  and t h e  n e g a t i v e  

i n v e r t e r  t u r n s  on. The loop then  f o r c e s  t h e  a l g e b r a i c  sum of 

t h e  u u t P , u t  v o l t q e s  tc he e q i ~ a l  t o  t h e  d e s i r e d  -1-350 v o l t a g e  

l e v e l .  

A s i g n i f i c a n t  problem i n  a h igh-vol tage  sweep system 

o c c u r s  when a low r i p p l e  requirement  i s  coupled wi th  t h e  need 

f o r  r a p i d  s t e p  response.  The f i l t e r  c a p a c i t o r s  must be made 

l a r g e  enough t o  reduce r i p p l e  t o  t h e  d e s i r e d  l e v e l  and y e t  t h e  

RC t i m e  c o n s t a n t s  o f  t h e  f i l t e r  c a p a c i t o r s  w i l l  l i m i t  t h e  r a t e  

a t  which the ou tpu t  w i l l  decay t o  a sma l l e r  vo l t age .  I n  t h e  
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above example, t h e  p o s i t i v e  charge on C must d i scha rge  through 

R1. 
t o  the new l e v e l .  However, i n  t h i s  system, t h e  feedback loop  

w i l l  n e a r l y  i n s t a n t a n e o u s l y  f o r c e  t h e  n e g a t i v e  v o l t a g e  t o  

track t h e  p o s i t i v e  v o l t a g e  i n  o r d e r  t o  mai-ntain the o u t p u t  a t  

t h e  d e s i r e d  l e v e l ,  S ince  t k c h a r g e  t i m e  o f  t h e  i n v e r t e r  i s  

o n l y  l i m i t e d  t o  t h e  a v a i l a b l e  t r a n s i e n t  d:rive power and switch- 

i n g  t r a n s i s t o r  c a p a b i l i t y ,  a r a p i d  t r a n s i t i o n  can be maze t o  

a l o w e r  magnitude vo l t age .  Because of t h i s  f e a t u r e ,  t h e  1% 

r i p p l e  f i g u r e  and t h e  s p e c i f i c a t i o n  t o  s t e p  through s i x  s t e p s  

1 
T h i s  would normally l i m i t  t h e  response t i m e  i n  s i3 t t l i ng  

f r o m  -3500 t o  +3500 v o l t s  w i t h  switching t i m e s  less  t h a n  30 m s  

can be achieved w i t h  l o w  power d r a i n .  The measured 1 0  t o  90% 

r i se  time o f  t h e  system is 10  m s .  T h i s  rise t i m e  i s  a c c u r a t e l y  

c o n t r o l l e d  by  t h e  feedback shaping network R C and i s  t h e r e -  

f o r e  n o t  s u s c e p t i b l e  t o  a m p l i f i e r  ga in-crossover  v a r i a t i o n .  
F'  F 

Exmimat ion  o f  tk ou tpu t  c i r c u i t  w i l l  r e v e a l  t ha t  i n  the 

s t e a d y - s t a t e  c o n d i t i o n  t h e  n e g a t i v e  i n v e r t e r  must o p e r a t e  a t  

an o u t p u t  v o l t a g e  somewhat g r e a t e r  t han  t h e  d e s i r e d  n e g a t i v e  

v o l t a g e  because of t h e  a t t e n u a t i o n  o f  resistors R and R 

A s i m i l a r  c o n d i t i o n  occur s  i n  t h e  maximum p o s i t i v e  excurs ion .  

The maximum power case occur s  when t h e  a m p l i f i e r  o u t p u t  i s  

a t  * 3 5 0 0  v o l t s .  

1 F. 

A unique des ign  f e a t u r e  i n  t h e  a m p l i f i e r  mechanizat ion i s  

the use  of C l a s s - C  tuned a m p l i f i e r s ,  i n  l i e u  of convent iona l  

square--wave s t a t i c  inve i te r .  s i w i r  yeiicratloiz of the h i g h  v o l t -  

ages.  The tuned  system i s  p r e f e r r e d  f o r  t h e  fo l lowing  reasons :  

(1) Losses are cons ide rab ly  smaller  t han  t h o s e  encountered 

i n  a square-wave system. Diodes and secondary winding 

c a p a c i t a n c e s ,  f o r  example, are tuned  by t h e  t r ans fo rmer  

se l f - induc tance  and are  n o t  t h e r e f o r e  loss - inducing  

e lements  as i n  the square-wave case. 
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( 2 )  N o i s e  p roduct ion  i n  s igna l -p rocess ing  e l e c t r o n i c s  

( a t t r i b u t a b l e  t o  t h e  h igh-vol tage  s u p p l i e s )  i s  reduced, 

E lec t ros t a t i c  s h i e l d i n g  i s  more e f f e c t i v e  f o r  sine-waves 

than  f o r  square waves. T r a n s i e n t  ground c u r r e n t s  are 

reduced i n  t h e  Class-C system, and i n p u t  cur ren t -  con- 

duc t ion  peaks are longer  and hence s m a l l e r  t h a n  f o r  square- 

wave systems. 

I n  g e n e r a l ,  power supply-pulse a m p l i f i e r  c r o s s t a l k  i s  much 

less a problem i n  a tuned sine-wave system. F u r t h e r  i s o l a t i o n  

enhancement i s  provided by  l oca l  decoupl ing of r i p p l e  v o l t a g e s  

and bypassing o f  curve  c u r r e n t s .  

The low-voltage conversion system c o n s i s t s  of a two-core 

dc-to-ac i n v e r t e r ,  which i s  boos t - r egu la t ed  a g a i n s t  a stable  

dc r e f e r e n c e  vo l t age .  T h i s  des ign  approach h a s  been chosen t o  

avoid t h e  a t t e n d a n t  l o s s e s  t h a t  occur  when a series t y p e  

r e g u l a t o r  i s  used wi th  a n  un regu la t ed  power source.  

The des ign  approach used here p rov ides  an e f f i c i e n c y  o f  

approximately 86%. Boost r e g u l a t i o n  us ing  t r a n s i s t o r  swi tch ing  

t echn iques  t a k e s  advantage o f  t h e  speed and e f f i c i e n c y  a f f o r d e d  

by t r a n s i s t o r s  when ope ra t ed  i n  t h e i i  c u r r e n t - s a t u r a t e d  and cu t -  

off modes. The r e g u l a t o r  i l l u s t r a t e d  i n  t h e  b lock  diagram 

(F igure  6)  produces ou tpu t  v o l t a g e s  i n v e r s e l y  p r o p o r t i o n a l  t o  

t h e  disconnect-diode conduction duty  cyc le .  To i n s u r e  t h a t  

t h e s e  o u t p u t  v o l t a g e s  a r e  t h e  d e s i r e d  v a l u e s ,  one o f  them i s  

compared a g a i n s t  a stakle reference a n d  ampl i f ied .  The r e s u l t -  

a n t  s i g n a l  i s  then  used t o  a d j u s t  a pulse-width o r  duty-cyc le  

r e g u l a t o r  on one-half  c y c l e  o f  t h e  i n v e r t e r  square  wave. I n  

t h i s  way, o u t p u t s  t h a t  a r e  too h i g h  o r  t o o  low produce reduced 

o r  i n c r e a s e d  switching duty c y c l e s ,  r e s p e c t i v e l y .  The accuracy 

w i t h  which t h e  o u t p u t  i s  r e g u l a t e d  i s  determined by t h e  f o l l o w -  

i n g  : 
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I -  

i 
' ,  

(1) the magnitude of the c o r r e c t i o n  r e q u i r e d  between t h e  

un regu la t ed  i n p u t  v o l t a g e  ( t o  t h e  duty-cycle  r e g u l a t e d  

swi tch)  and t h e  ou tpu t ,  and 

( 2 )  

power switch.  

t h e  q u a n t i t y  o f  feedback between the o u t p u t  and t h e  

T h e ' e f f e c t  of t h e  boos t  r e g u l a t i o n  through v a r i a b l e  duty- 

c y c l e  swi tch ing  i s  t o  produ-ce a v i r t u a l  t r ans fo rmer  between t h e  

power source and t h e  load.  T h i s  i s  evidenced by t h e  l o a d  power 

be ing  r e f l e c t e d  back t o  t h e  power source  as  a c o n s t a n t  v o l t -  

ampere product ,  r e g a r d l e s s  o f  source  vo l t age .  I n  a d d i t i o n ,  

pr imary copper and switching losses  are reduced by o p e r a t i n g  

a t  lower c u r r e n t s .  

The two-core i n v e r t e r  des ign  approach i s  proposed because 

o f  t h e  i n e f f i c i e n c y  o f  t h e  convent iona l  s i n g l e  sa tu rab le -co re  

o s c i l l a t o r - i n v e r t e r  a t  t h i s  low power l e v e l .  The two-core 

approach i s  p r e f e r r e d  f o r  the fol lowing reasons: 

(1) C o r e  magnetizing e f f e c t s  i n  t h e  power-transformer 

secondar i e s  could d i s t u r b  t iming  and r e g e n e r a t i n g  i n  t h e  

pr imary i f  t h e  t ransformer  were also used as a s a t u r a b l e  

t iming  element. 

( 2 )  I n  a d d i t i o n  t o  i s o l a t i n g  t h e  t i m e r  from t h e  load ,  t h e  

power t r ans fo rmer  can be made more e f f i c i e n t  i f  it i s  n o t  

a s a t u r a b l e  element. Another advantage o f  t h e  two-core 

o s c i l l a t o r  i s  t h a t  it does n o t  induce d l a r g e  m;.gnetic 

r e g e n e r a t i o n  c u r r e n t  s p i k e s  du r ing  each swi tch ing  h a l f  

cyc le .  

( 3 )  The s a t u r a b l e  t r ans fo rmer  i s  used e x c l u s i v e l y  for  

t iming  because such a c i r c u i t  i s  s imple,  e f f i c i e n t ,  and 

does n o t  r e q u i r e  t h e  duty-cycle  ad jus tments  sometimes 

r e q u i r e d  i n  t r a n s i s t o r  m u l t i v i b r a t o r s .  
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The power c o n d i t i o n e r  a l so  c o n t a i n s  t w o  impor tan t  pro- 

t ec t ive  elements:  a c u r r e n t  l i m i t e r  and an o v e r v o l t a g e  pro- 

t e c t i o n  diode.  A s  shown i n  F i g u r e  6 ,  t h e  c u r r e n t  l i m i t e r  i s  

composed o f  t r a n s i s t . o r s  Q1 and a s s o c i a t e d  r e s i s t o r s  and d iodes .  

Under normal o p e r a t i o n ,  Q1 is  s a t u r a t e d  a t  0.25 vo l t s .  The 

v o l t a g e  between t h e  bus o r  b a t t e r y  +28-V l i n e  and the base o f  

Q1 i s  equal  t o  t h e  sum o f  t h e  e m i t t e r  d iode  drop o f  Q1 p l u s  

t h e  I R  drop a c r o s s  R1. When t h e  c u r r e n t  through R1 produces 

a v o l t a g e  t end ing  t o  exceed one d iode  t h r e s h o l d ,  t h e  v o l t a g e  

becomes l i m i t e d  by t h e  r e g u l a t i n g  or  clamping a c t i o n  o f  D l ,  

D 2  and t h e  c u r r e n t  l i m i t  i s  consequent ly  s e t  a t  o n e  d iode  

t h r e s h o l d  d iv ided  by R1. I n  t h e  event  o f  a c a t a s t r o p h i c  s h o r t  

on t h e  o u t p u t  o f  t h e  c u r r e n t  l i m i t e r ,  t h i s  c o n f i g u r a t i o n  would 

have t o  s t a n d  f u l l  l i m i t  c u r r e n t  a t  t h e  h i g h e s t  supply vo l t age .  

Cur ren t  l i m i t s  are o f t e n  set  a t  1 .5  t o  2 . 0  t i m e s  normal running 

c u r r e n t .  L imi t  s t a b i l i t y  ove r  t h e  r e q u i r e d  t empera tu re  range 

i s  about  rt13%. 

The p r o t e c t i v e  diode, D 3 ,  f i r e s  i n  a c u r r e n t - l i m i t e d  mode 

when the i n p u t  v o l t a g e  i s  i n  excess  o f  s o m e  a c c e p t a b l e  l i m i t .  

T h i s  l i m i t  l e v e l  i s  u s u a l l y  i n  excess  of  t h e  boos t  v o l t a g e ,  
vB 

Table 1 lists s p e c i f i c a t i o n s  achieved by t h i s  system. 

5. Channel t ron Ampl i f i e r s  and Di sc r imina to r s  
--I_-- 

C i r c u i t  diagrams o f  t h e  a m p l i f i e r  and d i s c r i m i n a t o r  are shown 

i n  F i g u r e  7. Design c o n s t r a i n t s  posed by t h e  need f o r  v e r s a t i l i t y  

i n c l u d e d  t h e  absence o f  nega t ive  v o l t a g e s  f o r  t h e  low-level  e l e c t r o n i c s .  

T h i s  u n i t  operates s a t i s f a c t o r i l y  from unregula ted  ( 2 8  5 2 )  and ( 7  +Io5) 

v o l t s  b a t t e r y  s u p p l i e s .  Some s i m p l i f i c a t i o n  o f  t h e  c i r c u i t  i s  pos- 

s ible  i f  t h i s  c o n s t r a i n t  i s  removed. 

-1 

Opera t ion  o f  t h e  a m p l i f i e r  i s  as fo l lows .  The s i g n a l  i s  taken  

f r o m  t h e  h i g h  v o l t a g e  s i d e  of t h e  channe l t ron ,  and t h i s  n e c e s s i t a t e s  
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I -  
~ 

I -  

a-c coupl ing between t h e  channel t ron  and t h e  a m p l i f i e r .  A s t a n d a r d  

boot-s t rapped cascode conf igu ra t ion  c o n s i s t i n g  o f  Q1 and Q2 i s  

employed i n  t h e  charge  s e n s i t i v e  a m p l i f i e r .  The r e s u l t a n t  o u t p u t  

o f  t h e  c h a r g e - s e n s i t i v e  a m p l i f i e r  i s  coupled v i a  emi t t e r - fo l lower  

Q3 t o  t h e  base of  d i f f e r e n t i a l  a m p l i f i e r  Q4a. 

The d i s c r i m i n a t o r  i s  a b i a s e d  d i f f e r e n t i a l  a m p l i f i e r  w i t h  
I 

p o s i t i v e  feedback v i a  t h e  c a p a c i t o r  d i v i d e r  C 8  and C 1 0 .  For no 

i n p u t  s i g n a l  t h e  base o f  Q4b (one s i d e  o f  a matched d i f f e r e n t i a l  

t r a n s i s t o r  p a i r )  i s  b i a s e d  200 mv above Q4a,  r e s u l t i n g  i n  Q4b con- 

duc t ing  w i t h  Q4a c u t - o f f .  The  r e f e r e n c e  v o l t a g e  f o r  t h e  diff-amp 

i s  o b t a i n e d  from an FCT-1125 zener diode.  T r a n s i s t o r  Q5 i s  then  

o f f  w i t h  Q6 s a t u r a t e d  and Q7 cu t -o f f ,  crLdsing t h e  o u t p u t  t o  rest a t  

+7 v o l t s .  The s t and ing  c u r r e n t s  are so chosen t h a t ,  when an i n p u t  

p u l s e  raises t h e  b a s e  o f  Q4a by  200 mv, Q4a s ta r t s  t o  conduct and 

Q4b ceases conduct ion.  The c o l l e c t o r  of Q4a drops  wh i l e  t h e  

col lector  o f  Q4b rises. 

of Q5, t u r n i n g  Q5 on. The o u t p u t  o f  Q5 s a t u r a t e s  t r a n s i s t o r  Q7 

w h i l e  t h e  out-put  of Q4b t u r n s  t r a n s i s t o r  Q6 o f f .  

f a l l s  t o  V C E ( S A T ) .  P o s i t i v e  feedback v i a  C10 f o r c e s  t h i s  a c t i o n  t o  

r e g e n e r a t e  u n t i l  t h e  t r a n s i s t o r s  (Q6 and Q 7 )  are cu t -o f f  and s a t u r a t e d  

r e s p e c t i v e l y .  The charge  on C8-C10 t h e n  decays through R 1 7  u n t i l  

the t w o  base v o l t a g e s  a r e  again equal .  Regenera t ive  a c t i o n  then  

f o r c e s  t h e  o u t p u t  back t o  t h e  q u i e s c e n t  l e v e l  of 7 V,  

T h e  ou tpu t  o f  Q4a i s  coupled t o  t h e  base 

The o u t p u t  t h e n  

The o u t p u t  p u l s e  wid th  i s  c o n t r o l l e d  by C8-C10  and R 1 7 .  R i s e  

and f a l l  t i m e s  are less  than  200 nanoseconGs. The +v:mnn~;nn L.L. .Ly)Y'.'A--- 1 p v ~ 1  J - -  
of the d i s c r i m i n a t o r  i s  determined by t h e  r e l a t i v e  v o l t a g e  o f  t h e  

base o f  Q4b compared t o  Q4a. T h i s  b i a s  can be v a r i e d  by a d j u s t i n g  

R14. P u l s e  pa i r  r e s o l u t i o n  of about  2 psecs  i s  achieved w i t h  t h i s  

u n i t  , 

Power d i s s i p i t a t i o n  p e r  channel  i s  25 m i l l i w a t t s ,  I n  a l l  o u r  

a p p l i c a t i o n s  t o  d a t e ,  each channel t ron  i s  a s s igned  i t s  own a m p l i f i e r  

and d i s c r i m i n a t o r .  
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6. Switching Logic - I 
I 

I f  the p a r t i c u l a r  s p a c e c r a f t  i s  t e l e m e t r y  l i m i t e d ,  commutation 

between d i f f e r e n t  channels  i s  accomplished a t  t h e  d i s c r i m i n a t o r .  I 

Switching l o g i c  f o r  a specif ic  a p p l i c a t i o n  i s  shown i n  F igu re  8. , 

I n  t h i s  system channe l t rons  1-5 (CEM - 270° channels )  are sub- 

commutated w h i l e  t h e  o u t p u t  o f  channel t ron  6 (8mm cone h e l i x )  i s  

con  ti nuo u s . 
A t y p i c a l  b lock  diagram of t h e  t o t a l  ins t rument  i s  shown i n  

F igu re  9. 

7. Performance V e r i f i c a t i o n  

7.1 General  

Performance of t h e  instrument  w a s  v e r i f i e d  by c a l i b r a t i o n  

w i t h  beams of  e l e c t r o n s  and of  p ro tons  of d i T f e r e n t  e n e r g i e s ,  

and by examination o f  t h e  r e j e c t i o n  o f  Lyman-a, u l t r a v i o l e t  

r a d i a t i o n  a t  1216 A, a s  well as  by a c t i v a t i o n  by misce l laneous  

r a d i o a c t i v e  sources .  

T h e  m o s t  e x t e n s i v e  t es t s  moun ted  t o  d e t a i l e d  c a l i b r a t i o n  

w i t h  b e a m s  o f  e l e c t r o n s  o f  v a r i o u s  e n e r g i e s  f i r e d  a t  v a r i o u s  

a n g l e s  t o  t h e  ins t rument .  The e l e c t r o n  gun and a c c e l e r a t o r  

for t h i s  purpose w e r e  s p e c i a l l y  designed and f a b r i c a t e d  a t  

R i c e  so as  t o  provide  a uniform b u t  variable b e a m  over  a wide 

area. 

7 . 2  E l e c t r o n  Acce le ra to r  - 

Two Penray mercury l i g h t s  supp l i ed  u l t r a v i o l e t  l i g h t  

w i t h  peak i n t e n s i t y  a t  2537A. The l i g h t s  w e r e  shone on an 

aluminum p l a t e  s i x  inches  away, and t h e r e  l i b e r a t e d  photo- 

e l e c t r o n s  w i t h  e x t r a c t i o n  e n e r g i e s  5 5 ev. The p l a t e  was 

maintained a t  a nega t ive  p o t e n t i a l  (-V) equal t o  t h e  r e q u i s i t e  

energy o f  t h e  e l e c t r o n  beam. 
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The electrons w e r e  then a c c e l e r a t e d  over  a d i s t a n c e  o f  

s i x  inches  i n  a uniform and c o n s t a n t  e lec t r ic  f i e l d  u n t i l  t h e y  

passed through a 3.5 inch  d iameter  sc reen .  The uniform f i e l d  

w a s  de r ived  f r o m  e leven  uniformly-spaced aluminum a n n u l i  w i t h  

i n s i d e  d iameter  f i v e  inches  and w i t h  a vo l t age -d iv id ing  s t r i n g  

o f  twenty-four 2 2  Megohm resistors. 

The e l e c t r o n  energy was t h e n  v a r i e d  r e a d i l y  over  t h e  

range -30 ev t o  30 kev by means o f  t h e  v o l t a g e  a p p l i e d  t o  t h e  

photoemissive su r face .  The beam w a s  found t o  be uniform i n  

f l u x  t o  w i t h i n  a f a c t o r  of t w o  over  t h e  diameter  o f  3 . 5  i n c h e s ,  

which i s  more than  adequate f o r  t h e  SPECS e n t r a n c e  a p e r t u r e s  

and which i s  indeed one of t h e  best o f  t h o s e  e l e c t r o n  accelerators 

known t o  us ,  The e lec t ron  f l u x  w a s  measured w i t h  a R i c e - b u i l t  

Faraday cup, w i t h  a maximum f l u x  o f  -3 x LO a m p  c m  , 
s u f f i c i e n t  t o  g i v e  count  rates o f  h i g h  s t a t i s t i ca l  accuracy 

i n  SPECS, corresponding to  b e a m  i n t e n s i t i e s  o f  o r d e r  l o 7  t o  10 

e l e c t r o n s  c m  sec . 

-11 -2  

8 

-2  -1 

T h e  energy d i s p e r s i o n  o f  t h e  e l e c t r o n  b e a m  w a s  n e g l i g i b l e ,  

and t h e  h igh-vol tage  power supply had s u f f i c i e n t  r e g u l a t i o n  and 

l i m i t e d  r i p p l e  t ha t  t h e  energy r e s o l u t i o n  p o s s i b l e  w a s  about  

2%. T h i s  r e s o l u t i o n  w a s  v e r i f i e d  w i t h  t h e  Faraday cup f i t t e d  

w i t h  a r e t a r d i n g  g r i d  on which a v a r i a b l e  v o l t a g e  w a s  app l i ed .  

SPECS d e t e c t o r s  were c a l i b r a t e d  f o r  energy and angu la r  

response  i n  a V e e c o  VS-400 vacuum chamber. M o s t  o f  t h e  ca l i -  

b r a t i o n s  took p l a c e  a t  p r e s s u r e s  between 5 x 10 and 1 x i0 IIU-L 

Hg. The SPECS d e t e c t o r  w a s  mounted on a ca r t  which can move 

7 1/4 i nches ,  w i t h  p o s i t i o n  known t o  &l/ 

r o t a t e d  about  i t s  a p e r t u r e  i n  a p l a n e  pe rpend icu la r  t o  the 

d i r e c t i o n  o f  motion o f  t h e  cart .  I t  could  be r o t a t e d  about  

37 deg rees  w i t h  t h e  p o s i t i o n  known t o  about +2 minutes .  

Mechanical feedthroughs  made it p o s s i b l e  t o  p o s i t i o n  SPECS 

w h i k  c a l i b r a t i n g .  Some c a l i b r a t i o n s  w e r e  made a u t o m a t i c a l l y  

-6 -4 

inch.  The SPECS w a s  
10 
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us ing  a motor t o  ro t a t e  SPECS and a p s t e n t i o m e t e r  t o  measure 

i t s  angu la r  p o s i t i o n .  

C a l i b r a t i o n  o f  t h e  energy passbands was done mainly i n  

t h e  p l a n e  of  t h e  channel t ron  a r r a y ,  i . e . ,  over  t h e  sma l l e r  

acceptance  angle .  The usua l  procedure was t o  r o t a t e  t h e  

ins t rument  about a p i v o t  p o i n t  c e n t e r e d  on t h e  f r o n t  a p e r t u r e  

w h i l e  main ta in ing  a c o n s t a n t  a c c e l e r a t i n g  p o t e n t i a l  on t h e  

accelerator. Throughout t h e  c a l i b r a t i o n  t h e  HVSPS w a s  o p e r a t e d  

i n  a manual s t epp ing  mode so t h a t  a s i n g l e  SPECS d e f l e c t i o n  

v o l t a g e  (e ,g .  350 v o l t s )  w a s  a p p l i e d  dur ing  a n  e n t i r e  sweep 

i n  angle .  Typ ica l  c a l i b r a t i o n  r e s u l t s  are  shown i n  F igu re  1 0 ,  

and g e n e r a l  cu rves  w e r e  shown i n  F igu re  4. 

G e o m c , t r i c  f a c t o r s  f o r  t h e  channe l t rons  cou ld  be d e r i v e d  
-5 2 

i n  t h i s  manner t o  be of o r d e r  10  c m  s t e r a d ,  

7 .3  Froton C a l i b r a t i o n  - 

Cal ibra t ion  w i t h  p ro tons  w a s  achieved w i t h  a R i c e  - 
(NASr-209) Texas Nuclear 0 t o  100 kv accelerator equipped w i t h  

a paladium l e a k  t o  admit hydrogen. The d isadvantage  o f  t h i s  

compared t o  the e l e c t r o n  a c c e l e r a t o r  was i t s  r e l a t i v e l y  small 

beam-spot s i z e ,  t h e  presence  o f  e n e r g e t i c  n e u t r a l  atmns and a 

h i g h  L glow. a 
Never the l e s s ,  t h e  u n i t  w a s  used t o  v e r i f y  t h a t  the  energy 

pcicss3=ar,c?s fsr p r o t o n s  were t h e  s a m e  as t h o s e  for e l e c t r o n s  

when t h e  d e f l e c t i o n - v o l t a g e  p o l a r i t y  was reve r sed .  One would 

have been more than  s l i g h t l y  perp lexed  i f  indeed t h i s  charge- 

symmetry had n o t  been demonstrated a s  v a l i d .  

8.4 W R e j e c t i o n  
-_I 

One of t h e  p r i n c i p a l  problems i n  t h e  use  of such d e v i c e s  

w i t h  i n t r i n s i c  energy t h r e s h o l d  o f  on ly  a f e w  e l ec t ron  v o l t s  
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1 -  

i s ,  o f  course ,  t h a t  they can respond n o t  o n l y  t o  pa r t i c l e s  

b u t  a lso t o  u l t r a v i o l e t  l i g h t .  

T h e  spec t ra l  response o f  the channe l t rons  h a s  been found 

t o  be -1% a t  Lyman-a ( the  most i n t e n s e  s o l a r  emission i n  the 

h a r d  W) w i t h  e f f i c i e n c y  f a l l i n g  o f f  v e r y  r a p i d l y  a t  l onge r  

wavelengths.  Consequently w e  chose t o  t e s t  SPECS by  exposing 

it d i r e c t l y  t o  L genera ted  i n  t h e  charge-exchange o r  RF 

e x c i t a t i o n  chamber o f  t h e  Texas Nuclear accelerator. 
a 

T h e  r e j e c t i o n  r a t i o  given b y  the SPECS housing compared 

w i t h  a d i rec t ly-exposed  channel t ron  w a s  found t o  be i n  excess  
4 

o f  10 t o  1. Thus, t h e  d i r e c t  r e j e c t i o n  of solar L i s  m o r e  a 6 
t han  10  t o  1 i n  the middle energy passband. 

Consequently,  the  u n i t  can look d i r e c t l y  a tgeocorona and 

have count  rates o f  -l/sec o r  less .  When the  unmodified u n i t  

v i e w s  the sun d i r e c t l y  it w i l l  have a background count  r a t e  o f  

-10 counts /sec,  b u t  it is deened c e r t a i n  t h a t  t h i s  can be sub- 

s t a n t i a l l y  reduced b y  i n t e r i o r  b a f f l i n g ,  etc. i f  it i s  deemed 

necessa ry  i n  a p a r t i c u l a r  a p p l i c a t i o n .  

3 

I n  any even t ,  it i s  impor tan t  t o  n o t e  t h a t  the  a c t u a l  

background i n  any environment i s  r e a d i l y  determined e x a c t l y  

when the d e f l e c t i o n  v o l t a g e  V i s  reduced t o  zero by the program- 

m a b l e  HVSPS. 

8. Misce l laneous  Comments - -  

8.1 General  

T h i s  b r i e f  report  does n o t  p u r p o r t  t o  cover  i n  agonizing 

d e t a i l  t he  l e a r n i n g  curves  followed. i n  t h i s  c o n t r a c t u a l  s tudy.  

However, there are misce l laneous  comments t h a t  are p e r t i n e n t  

i n s o f a r  as  they  w e r e  i tems d iscovered  by R i c e  pe r sonne l  dur ing  

t h i s  s tudy  and u t i l i z e d  t o  produce the optimum c o n f i g u r a t i o n  

and the m s s t  e f f e c t i v e  ins t rumenta t ion .  
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8 . 2  Handling o f  Channeltrons 

I n s o f a r  as t h e  i n d i v i d u a l  channe l t rons  are  s m a l l  and 

b r i t t l e  and. expensive,  c a r e f u l  hand l ing  t echn iques  w e r e  evolved. 

Each channe l t ron  w a s  i n d i v i d u a l l y  p o t t e d  i n  a m i l l e d  f i x t u r e  

( l a t e r  i n  a molded f i x t u r e ) .  Numerous subs t ances  w e r e  t e s t e d  

and high-impact s t y r e n e  proved t o  be ve ry  s a t i s f a c t o r y  f o r  t h e  

C-shaped u n i t s .  Kel-F w a s  used f o r  the he l i ca l - shaped  funnel-  

t r o n .  The a c t u a l  c o l l e c t o r  cap  o r  anode w a s  a f f i x e d  w i t h  

conduct ive  s o l d e r  by R i c e  and t e r m i n a l  w i r e s  w e r e  p o t t e d  i n  

s i t u  w i t h  requis i te  blocking c a p a c i t o r  and r e s i s t i v e  load .  

The e n t r a n c e  a p e r t u r e  o f  each channe l t ron ,  o f  cour se ,  w a s  

o p e r a t e d  a t  ground p o t e n t i a l  so t h a t  very  l o w  energy pa r t i c l e s  

o f  ei ther p o l a r i t y  could  be d e t e c t e d .  

8 . 3  L i f e t i m e  Tests 

S ince  t h e  channel t rons  are r e l a t i v e l y  new and u n t r i e d  

devices , .  w e  carried o u t  v a r i o u s  l i f e t i m e  t e s t s  by a c t i v a t i o n  

w i t h  s t anda rd  W and r a d i o a c t i v e  sources .  I n i t i a l l y ,  s o m e  o f  

the temporal  changes observed w e r e  a s c r i b e d  t o  contaminant 

c o a t i n g s  o f  t h e  channel t ron  i n t e r i o r  by d i f f u s i o n  pump o i l  

f r o m  t h e  vacuum systems (an e f f e c t  o f  t h i s  k i n d  c e r t a i n l y  

degraded the photoemissive s u r f a c e  i n  t h e  e l e c t r o n  accelerator).  

Accordingly,  spec ia l ly -c l ean  Vac-,Ion vacuum systems w e r e  

employed f o r  f u r t h e r  tests,  which are s t i i i  ulidervzy (unrler 

Con t rac t  N A S 9 - 5 8 8 4 ) .  

P re l imina ry  r e s u l t s  i n d i c a t e  an e f f i c i e n c y  dec rease  o f  

-20% i n  a p e r i o d  of a f e w  minutes  immediately a f t e r  t h e  high- 

v o l t a g e  (-3500 vo l t s )  i s  a p p l i e d  each t i m e .  The e f f i c i e n c y  t h e n  

s t a b i l i z e s ,  and if t h e  high-vol tage i s  t empora r i ly  switched 

o f f  and then  on aga in ,  it i s  found t h a t  t h e  e f f i c i e n c y  h a s  

recovered.  T h i s  e f f ec t  i s  n o t  understood by u s  or by Bendix, 
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the manufac turers ,  and it is  be ing  s t u d i e d  f u r t h e r .  I t  does 

n o t  appear  t h a t  

t o  detect  t h i s  e f f e c t ,  v i z  w i t h  a c lean vacuum system, p u l s e  

mode, good temporal r e s o l u t i o n ,  e tc .  (see F igure  11). 

tss ts  by o t h e r  groups have been i n  a p o s i t i o n  

Accumulated dose tes t s  have a l s o  been performed t o  

de termine  i f  t h e r e  i s  an aging degrada t ion .  None h a s  been 
d e t e c t e d  t o  d a t e  wi th  t o t a l  accumulated coun t s  of  o r d e r  10  9 . 
F u r t h e r  t e s t s  are  proceeding. 

8.4 ---- Channel t ron High-Voltage 

The p o t e n t i a l  t o  be a p p l i e d  t o  t h e  channe l t ron  i s  n o t  v e r y  

c r i t i c a l  beyond -3200 v o l t s ,  because t h i s  y i e l d s  a p u l s e  h e i g h t  

d i s t r i b u t i o n  w e l l  above a nominal d i s c r i m i n a t i o n  l e v e l  o f  15  

m i l l i v o l t s .  During ve ry  f a s t  count  ra tes  o f  s o m e  300,000 p e r  

second t h e  average channel t ron  p u l s e  becomes smaller.  Therefore ,  

for some a p p l i c a t i o n s  where such f a s t  rates are  d e s i r e d  it may 

prove  d e s i r a b l e  t o  use  a h i g h e r  v o l t a g e  (e.g.  4000 v o l t s )  so 

a s  t o  ma in ta in  l a r g e  v o l t a g e  p u l s e s .  Channel t ron impedances 

range between -500 Ma and and.2000 MO, w i t h  an average around 

1000 M a  and w i t h  a tempera ture  c o e f f i c i e n t  of -0.5%/C0. 

8.5 S p e c i a l  Conf igu ra t ions  

S ince  t h e  channe l t rons  are made o f  g l a s s ,  t hey  may be 

b e n t  o r  molded i n  a wide variety sf zipr+_i--.res, 

s i z e s ,  etc. so as t o  opt imize  t o  a given p r o j e c t .  For example, 

i n  s o m e  p r o j e c t s  w e  w i l l  r e p l a c e  t h e  1-mm dime-Ler channe l t rons  

(see F igure  3) w i t h  lmm x 3mm channe l t rons  w i t h  t h e  long s i d e  

pa ra l l e l  t o  t h e  s l i t  so as t o  i n c r e a s e  geometr ic  f a c t o r s .  The 

t r a d e o f f  h e r e  does n o t  appear  t o  be i n  r e l i a b i l i t y  o r  e f f i c i e n c y  

etc.  b u t  o n l y  i n  cost f o r  s p e c i a l  u n i t s .  

shapes and 
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8.6 E l e c t r o s t a t i c  Charxe Build-Up 

I n  e a r l y  models o f  t h i s  i n s t rumen t ,  it was no ted  t h a t  i f  

it w a s  p l aced  i n  t h e  l a r g e  beam o f  e lectrons t h e n  t h e  pass- 

bands would a p p a r e n t l y  g r a d u a l l y  d r i f t .  T h i s  w a s  diagnosed 

as  be ing  due t o  e s s e n t i a l l y  space-charge e f f e c t s  d i s t o r t i n g  

the d e f l e c t i o n  f i e l d  and i t  w a s  e l i m i n a t e d  by provid ing  e lectr ical-  

conduct ion p a t h s  t o  ground f o r  such exposed areas. 

8 .7  A n a l y t i c a l  D e r i v a t i o n  o f  the Enerqy P a s s  Bands 

Conceptual ly  one can c a l c u l a t e  the energy passbands i n  

ecah channel  f o r  a given d e f l e c t i o n  v o l t a g e  by an a n a l y t i c a l  

t r e a t m e n t  o f  t h e  e l e c t r i c a l  f i e l d  between t h e  p l a t e s  and thence  

by d e r i v i n g  t h e  p a r t i c l e  t ra jector ies .  T h i s  w a s  done v e r y  e a r l y  

i n  the  c o n t r a c t .  

H o w e v e r ,  it w a s  recognized by u s  a t  t h e  s a m e  t i m e  t h a t  

such c a l c u l a t i o n s  d i d  n o t  t a k e  account  o f  t h e  n o n - t r i v i a l  

f r i n g i n g  f i e l d s .  Therefore  opt imized  c o n f i g u r a t i o n s  w e r e  

des igned  and b u i l t  and t e s t e d  and t h e  a c t u a l  passbands 

d e r i v e d  by d i r e c t  c a l i b r a t i o n s .  They d i f f e r e d  somewhat 

(as  expected)  from the a n a l y t i c a l l y - d e r i v e d  passbands.  T h i s  

s l i g h t  d i f f e r e n c e  i s  i n  no way p r e j u d i c a l  t o  the ins t rumen t ,  

s i n c e  t h e  passbands w e r e  s u f f i c i e n t l y  s i m i l a r  t o  enhance t h e  

f i n a l  conf idence  i n  t h e  exper imenta l ly-der ived  passbands.  

8.8 Environmental  Condi t ions and U s e  

The complete u n i t  o p e r a t e s  w i t h  n e g l i g i b l e  (<5%) v a r i a t i o n  
0 0 i n  i t s  c h a r a c t e r i s t i c s  over  t empera tu res  f r o m  -20  C t o  +50 C ,  

f o r  i n p u t  v o l t a g e s  from 2 4  v o l t s  t o  3 3  volts.  I t  w i l l  be 

launched on d i f f e r e n t  v e h i c l e s ,  w i t h  t h e  most s eve re  v i b r a t i o n  

and a c c e l e r a t i o n  l eve l s  be ing  a s s o c i a t e d  w i t h  Nike-Apaches, 
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J a v e l i n s  and Scout r o c k e t s .  A s  d i s c u s s e d  above, it is  also 

b e i n g  developed i n  an optimum c o n f i g u r a t i o n  f o r  t h e  ALSEP 

program. 
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9.  Conclusion 

The ins t rument  code-named SPECS developed under t h i s  c o n t r a c t  

and r e f i n e d  i n  p a r t s  under o t h e r  c o n t r a c t s  h a s  proven t o  be a 

device  t h a t  f a r  exceeds t h e  o r i g i n a l  des ign  goa l .  For example, t h e  

a d d i t i o n  of  th s  funne l t ron  ( n o t  envisaged i n  t h e  Work Sta tement )  

h a s  provided  t h e  extremely important  c a p a b i l i t y  of s imultaneous 

o b s e r v a t i o n s  of e l e c t r o n s  and  p ro tons  as  w e l l  as a vastly-improved 

dynamic range. 

state-of-the-art t o  a l e v e l  h i t h e r t o  una t t a ined .  

The c a p a b i l i t i e s  of t h e  HVSPS also p r e s s e d  t h e  

It  i s  envisaged t h a t  t h i s  u n i t  w i l l  pe rmi t  an e x t r a o r d i n a r y  

s ingle-sweep coverage o f  charged p a r t i c l e  f l u x e s  over  an energy 

range o f  m o r e  t h a n  one thousand t o  one, and a dynamic range of  some 

10 t o  one. The re fo re  it w i l l  p e r m i t  measurement o f  pa r t i c l e  f l u x e s  

i n  t h e  plasma, a u r o r a l ,  i n t e r p l a n e t a r y  and Van Al len  domains of 

energy. I t  is  t h u s  i d e a l l y  s u i t e d ,  f o r  example, f o r  space probes 

o r  projects (e.g. ALSEP) where the c h a r g e d - p a r t i c l e  environment i s  

unknown. 

8 



APPENDIX 1 

PERSONNEL 

Personnel  involved  i n  t h i s  project  inc luded:  

B. J. O'Brien 
Prof  e s sor 

F. Abney 
E l e c t r o n i c s  Engineer  

R. T r a c h t a  
Mechanical Engineer  

J. Godwin 
Machine Shop Foreman 

J. Burch 
Graduate  S tudent  

R. Ha r r i son  
Technic ian  

T. Winiecki  
Graduate  S tuden t  

R. Chappell 
Graduate  S tuden t  

R. LaQuey 
Graduate  S tuden t  

P r i n c i p a l  I n v e s t i g a t o r  

Ins t rumen t  Engineer  

Mechanical Designer 

Mechanical F a b r i c a t i o n  

Genera l  des ign  and c a l i b r a t i o n  

Genera l  des ign ,  c a l i b r a t i o n  
and t e s t i n g  

E l e c t r o n  gun des ign  and 
operat i o n  

W r e j e c t i o n  s t u d i e s  

Low-level e l e c t r o n i c s  des ign  



APPENDIX 11 

COSTING 

Es t imated  cost  of t h i s  C o s t  Reimbursable ( z e r o  f e e )  c o n t r a c t  

w a s  $99,272, modif ied by Amenck-tent # 2  t o  be $89,272. Actua l  costs 

i n c u r r e d ,  w i t h  an overhead rate o f  56.8%, w e r e  $89 ,236 , thus  l e a v i n g  

a budgetary s u r p l u s  .of $36, which h a s  been a l l o c a t e d  fo r  t h e  

r ep roduc t ion  of t h i s  r e p o r t .  

APPENDIX 111 

PUBLICATIONS 

A paper e n t i t l e d  "SPECS, A V e r s a t i l e  Detector of Low and High- 

Energy Charged Par t ic les"  by B. J. O 'Br ien ,  F. Abney, J. Burch, 

R. Har r i son ,  R. LaQuey and T. Winiecki  i s  i n  t h e  cour se  o f  pre-  

p a r a t i o n  t o  be submit ted t o  an a p p r o p r i a t e  t e c h n i c a l  j o u r n a l .  



TABLE 1 

S p z z i f i c a t i o n  

HIGH VOLTAGE SWITCHABLE SUPPLIES - 

Vendor A 

Power  Constant  1100 mw 

Weight 0.89 lb 

S i z e  18 cu. i n .  

3500 V R i s e  T i m e  25 m.s. 

3500 V F a l l  T i m e  100 m . s .  

Swi tchable  R a t e  200 ms/level (max.) 

T r a n s i e n t s  on l i n e  2 V pk-to-pk 

R i p p l e  (Switchable  3 V pk-pk (35 v o l t s )  
Supply 1 6 V pk-pk (350 v o l t s )  

150 V pk-pk (3500 v o l t s )  

Channel t ron Supply N o  

Channel t ron  Supply Ripple  - 

Vendor B 

Avg-505mw; Peak-1092mw 

1.8 lb 

32 cu. in. 

8 m . s .  (max.) 

8 m . s .  (max.) 

100 ms/level (max.) 

0.2 V pk-to-pk (max.) 

less than  1 V pp 
( i n  a l l  l e v e l s )  

3500 V c o n s t a n t  

50 mv 
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POLARITY 
COMMAND 

ZERO 
COMMAND 

R E F. 
350 v 
LEVEL COM. 

3 5 v  
LEVEL COM. 

3 5 0 0  
LEVEL COM. 

+ 28 v 

28 v 
RETURN 

' 3 5 V  t01% 

- 3 5 v  '01% 

SOURCE 

P54467 

SV/ITCKIMG HIGH VOLTAGE POWER S U P P L Y  
VENDOR "B" 
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